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1. INTRODUCTION {#cam43202-sec-0005}
===============

Mucinous breast carcinoma (MBC), termed as colloid cancer, is a relatively rare pathological type of breast cancer. Its incidence accounts for approximately 1% to 7% of the primary breast cancers.[^1^](#cam43202-bib-0001){ref-type="ref"}, [^2^](#cam43202-bib-0002){ref-type="ref"}, [^3^](#cam43202-bib-0003){ref-type="ref"}, [^4^](#cam43202-bib-0004){ref-type="ref"}, [^5^](#cam43202-bib-0005){ref-type="ref"}, [^6^](#cam43202-bib-0006){ref-type="ref"}

Compared with other common types of breast cancer such as infiltrating ductal cancer (IDC), MBC has some different clinical features. MBC usually occurs in postmenopausal and elderly patients and generally has a favorable prognosis. MBC has a higher proportion of estrogen receptor (ER) and progesterone receptor (PR) positivity, better differentiation and a lower rate of lymph node metastases.[^1^](#cam43202-bib-0001){ref-type="ref"}, [^2^](#cam43202-bib-0002){ref-type="ref"}, [^7^](#cam43202-bib-0007){ref-type="ref"}, [^8^](#cam43202-bib-0008){ref-type="ref"}, [^9^](#cam43202-bib-0009){ref-type="ref"}

On account of its rarity, most studies about MBC have either small samples or a relatively short‐term follow‐up. So the evidence of clinical factors and prognosis of MBC is weak. At present, the guidelines recommendation of locoregional and systemic adjuvant treatment of MBC are based on the data of IDC. Standard IDC surgery is also suitable for MBC patients. Mastectomy and breast‐conserving therapy (BCT) plus radiation therapy could achieve similar prognosis in women diagnosed with early stage breast cancer in some randomized controlled trials.[^10^](#cam43202-bib-0010){ref-type="ref"}, [^11^](#cam43202-bib-0011){ref-type="ref"}Some researchers have recommended that MBC should be treated less aggressively such as BCT than IDC due to more favorable clinicopathologic features of MBC.[^8^](#cam43202-bib-0008){ref-type="ref"}, [^12^](#cam43202-bib-0012){ref-type="ref"}, [^13^](#cam43202-bib-0013){ref-type="ref"} However, the prognosis of BCT and mastectomy in MBC remains unclear. The use of BCT in MBC has been questioned.

Therefore, the objective of this large population‐based study was to investigate the long‐term prognosis of BCT and mastectomy in T1‐2 stage mucinous breast carcinoma using the Surveillance, Epidemiology, and End Results (SEER) database.

2. METHODS {#cam43202-sec-0006}
==========

2.1. Patient selection {#cam43202-sec-0007}
----------------------

The SEER custom database (with additional treatment fields) (<http://www.seer.cance> r.gov) we used was released in November 2018, which contained the data from 18 population‐based cancer registries.

Patients who were diagnosed of mucinous breast carcinoma between 2004 and 2014 were eligible. Other inclusion criteria involved as follows (1) female; (2) were older than 18 years; (3) T1‐2 breast cancer; (4) breast cancer as a primary cancer diagnosis; (5) underwent mastectomy or breast‐conserving surgery. The exclusion criteria involved as follows: (1) underwent prophylactic mastectomy; (2) synchronic bilateral breast cancers (3) history of malignant tumors other than breast cancer; (4) confirmed metastasis or recurrence at the first diagnosis; (5) complete data cannot be achieved. This research was approved by the Research Ethics Committee in Sun Yat‐sen University Cancer Center.

2.2. Data collection and outcomes {#cam43202-sec-0008}
---------------------------------

The following factors were extracted: demographic factors (year of diagnosis, age at diagnosis, race, and marital status), clinicopathological factors (tumor size (T stage), lymph node status (N stage), TNM stage, histologic grade, estrogen receptor (ER), progesterone receptor (PR)), therapeutic factors (surgery of primary site in terms of the "breast surgery codes C50.0‐C50.9", radiotherapy, chemotherapy), and survival factors (death events and survival months). According to the 6th edition of the American Joint Committee on Cancer staging system, the patients' pathological TNM stages were confirmed.

The primary end point was overall survival (OS) which was calculated from the date of diagnosis to the date of death from any cause or last follow‐up. And the secondary end point was breast cancer‐specific survival (BCSS) which was calculated from the date of diagnosis to the date of death due to breast cancer.

2.3. Statistical analysis {#cam43202-sec-0009}
-------------------------

In descriptive statistics, the continuous variables were described as median and range. The categorical ones were described as frequencies and percentages. Chi‐square test was applied to compare categorical data. Kaplan‐Meier method and log‐rank test were used to get the OS curves and compare the differences. Univariate and multivariate Cox model were performed to assess the risk factors for OS and BCSS. The statistical analyses were done by the SPSS, version 22.0 (SPSS Inc).A two‐side *P* \< .05 was thought to be significant statistically.

3. RESULTS {#cam43202-sec-0010}
==========

3.1. Baseline characteristics {#cam43202-sec-0011}
-----------------------------

In total, 8830 patients who were diagnosed of mucinous breast carcinoma between 2004 and 2014 were included for analysis. The process of patient selection was presented in supplementary Figure [1](#cam43202-fig-0001){ref-type="fig"}. Table [1](#cam43202-tbl-0001){ref-type="table"} summarized the clinicopathological characteristics according to the surgical methods. Among 8830 patients, 1320 (14.9%) underwent mastectomy, 7510 (85.1%) underwent BCT. Patients underwent BCT more frequently than mastectomy. The median age was 67 years (range, 23‐103 years). Compared with patients in mastectomy group, there were younger (\<65 years), more non‐Hispanic white, married patients as well as lower stage of tumor sizes, lymph nodes and more favorable histologic grade, ER positive, PR positive in BCT group (*P* \< .05). Patients in BCT group were more likely to receive radiotherapy (*P* \< .001). While patients in mastectomy group were more likely to receive chemotherapy (*P* \< .001).

![Kaplan‐Meier curves of survival for patients according to surgical methods, age, and T stage. BCT group had better OS (A) and BCSS (B) than mastectomy group. The patients with age of 23‐49 years (C), T1 stage (D) had better OS. (all *P* \< .05](CAM4-9-5381-g001){#cam43202-fig-0001}

###### 

Baseline characteristics of mucinous breast carcinoma patients

  Characteristic      Patients, n (%)   *P* [^a^](#cam43202-note-0004){ref-type="fn"}                 
  ------------------- ----------------- ----------------------------------------------- ------------- ---------
  No. of patients     8830 (100)        7510 (85.1)                                     1320 (14.9)   
  Year of diagnosis                                                                                   \<0.001
  2004‐2006           2754 (31.2)       2187 (29.1)                                     567 (43.0)    
  2007‐2009           2403 (22.7)       1990 (26.5)                                     413 (31.3)    
  2010‐2014           3673 (41.6)       3333 (44.4)                                     340 (25.8)    
  Age (years)                                                                                         \<0.001
  18‐49               1045 (11.8)       859 (11.4)                                      186 (14.1)    
  50‐64               2211 (25.0)       1942 (25.9)                                     269 (20.4)    
  65‐79               3693 (41.8)       3134 (41.7)                                     559 (42.3)    
  ≥80                 1881 (21.3)       1575 (21.0)                                     306 (23.2)    
  Race                                                                                                \<0.001
  NHW                 6354 (72.0)       5482 (73.0)                                     872 (66.1)    
  NHB                 855 (9.7)         691 (9.2)                                       164 (12.4)    
  NHAIAN              37 (0.4)          30 (0.4)                                        7 (0.5)       
  NHAPI               780 (8.8)         643 (8.6)                                       137 (10.4)    
  Hispanic            775 (8.8)         638 (8.5)                                       137 (10.4)    
  Unknown             29 (0.3)          26 (0.3)                                        3 (0.2)       
  Marital status                                                                                      0.001
  Married             4189 (47.4)       3615 (48.1)                                     574 (47.4)    
  Single              1103 (12.5)       910 (12.1)                                      193 (14.6)    
  Widowed             2225 (25.2)       1850 (24.6)                                     375 (28.4)    
  Divorced            847 (9.6)         737 (9.8)                                       110 (8.3)     
  Unknown             466 (5.3)         398 (5.3)                                       68 (5.2)      
  Histologic grade                                                                                    \<0.001
  G1                  4963 (56.2)       4334 (57.7)                                     629 (47.7)    
  G2                  2558 (29.0)       2143 (28.5)                                     415 (31.4)    
  G3                  273 (3.1)         206 (2.7)                                       67 (5.1)      
  Unknown             1036 (11.7)       827 (11.0)                                      209 (15.8)    
  T stage                                                                                             \<0.001
  T1                  6659 (75.4)       5914 (78.7)                                     745 (56.4)    
  T2                  2171 (24.6)       1596 (21.3)                                     575 (43.6)    
  N stage                                                                                             \<0.001
  N0                  8253 (93.5)       7174 (95.5)                                     1079 (81.7)   
  N1                  494 (5.6)         308 (4.1)                                       186 (14.1)    
  N2                  62 (0.7)          23 (0.3)                                        39 (3.0)      
  N3                  21 (0.2)          5 (0.1)                                         16 (1.2)      
  Stages                                                                                              \<0.001
  I                   6411 (72.6)       5745 (76.5)                                     666 (50.5)    
  II                  2336 (26.5)       1737 (23.1)                                     599 (45.4)    
  III                 83 (0.9)          28 (0.4)                                        55 (4.2)      
  ER                                                                                                  \<0.001
  Negative            146 (1.7)         110 (1.5)                                       36 (2.7)      
  Positive            8297 (94.0)       7134 (95.0)                                     1163 (88.1)   
  Unknown             387 (4.4)         266 (3.5)                                       121 (9.2)     
  PR                                                                                                  \<0.001
  Negative            868 (9.8)         705 (9.4)                                       163 (12.3)    
  Positive            7505 (85.0)       6481 (86.3)                                     1026 (77.7)   
  Unknown             455 (5.2)         324 (4.3)                                       131 (9.9)     
  Chemotherapy                                                                                        \<0.001
  No                  7887 (89.3)       6792 (90.4)                                     1095 (83.0)   
  Yes                 943 (10.7)        718 (9.6)                                       225 (17.0)    
  Radiotherapy                                                                                        \<0.001
  No                  3656 (41.4)       2742 (32.9)                                     1184 (41.4)   
  Yes                 5174 (58.6)       5038 (67.1)                                     5174 (58.6)   

Abbreviations: BCT, Breast‐conserving therapy; HER‐2, Human epidermal growth factor receptor‐2; HR, Hormone receptor.

Using Chi‐squared test or Fish exact test. *P* \< .05 was considered statistically significant. Compared with patients in mastectomy group, there were younger (\<65 years), more non‐Hispanic white, married patients as well as lower stage of tumor sizes, lymph nodes and more favorable histologic grade, ER positive, PR positive in BCT group. Patients in BCT group were more likely to receive radiotherapy. While patients in mastectomy group were more likely to receive chemotherapy.
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3.2. Univariate and multivariate analysis of OS and BCSS {#cam43202-sec-0012}
--------------------------------------------------------

The median follow‐up time was 77 months (interquartile range 45‐112 months). The 5‐year and 10‐year OS rates in BCT and mastectomy groups were 88.6% vs 83.1% and 71.3% vs 61.1% respectively. The 5‐year and 10‐year BCSS rates in BCT and mastectomy groups were 98.8% vs 97.5% and 96.7% vs 94.6%.

Patients in the BCT group at a younger age or T1 stage had relatively better OS than those in mastectomy group at an older age or T2 stage (all *P* \< .05) (Figure [1A,C](#cam43202-fig-0001){ref-type="fig"},D). Adjusting for the significant prognostic variables (race, age, marital status, T stage, N stage, ER, PR, surgery, chemotherapy, and radiotherapy) in univariate analysis, multivariate analysis indicated that the mortality risk from any cause in BCT group was lower than that in mastectomy group significantly (HR = 0.754, 95% CI: 0.697‐0.889, *P* \< .001). Besides, patients at a younger age, T1 stage, lower N stage, positive ER status and radiotherapy had better OS relatively (all *P* \< .05). The patients with chemotherapy did not achieve OS benefit than those without chemotherapy (HR = 0.860, 95%CI:0.684‐1.080, *P* = .194) (Table [2](#cam43202-tbl-0002){ref-type="table"}). There was no difference significantly in OS among different histologic grade or PR status (*P* \> .05) (Table [2](#cam43202-tbl-0002){ref-type="table"}). Non‐Hispanic Asian or Pacific Islander and married patients had better OS than other groups (all *P* \< .05) (Table [2](#cam43202-tbl-0002){ref-type="table"}). Adjusting for the significant prognostic variables (age, race, marital status, histologic grade, T stage, N stage, ER, PR, chemotherapy, and radiotherapy), multivariate analysis indicated no difference significantly in BCSS between BCT and mastectomy groups (HR = 1.232, 95% CI: 0.843‐1.800, *P* = .282) (Table [2](#cam43202-tbl-0002){ref-type="table"}), although Kaplan‐Meier curve showed patients in BCT group had relatively better BCSS than those in mastectomy group (*P* \< .05) (Figure [1B](#cam43202-fig-0001){ref-type="fig"}).

###### 

Univariate and multivariate analyses of prognostic factors for overall survival, breast cancer‐specific survival

  Variable            OS                                 BCSS                                                                                      
  ------------------- ------------------------ --------- ----------------------- --------- ---------------------- --------- ---------------------- ---------
  Year of diagnosis                                                                                                                                
  2004‐2006           Ref.                     Ref.      ---                     ---       Ref.                   Ref.      ---                    ---
  2007‐2009           1.080 (0.970‐1.203)      0.159     ---                     ---       1.194 (0.849‐1.680)    0.307     ---                    ---
  2010‐2014           1.031 (0.903‐1.177)      0.651     ---                     ---       1.054 (0.698‐1.591)    0.802     ---                    ---
  Age                                                                                                                                              
  23‐49               Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  50‐64               2.036 (1.476‐2.808)      \<0.001   2.029 (1.464‐2.812)     \<0.001   0.763 (0.437‐1.332)    0.341     0.968 (0.546‐1.714)    0.910
  65‐79               5.644 (4.203‐7.580)      \<0.001   4.960 (3.645‐6.750)     \<0.001   1.119 (0.686‐1.827)    0.652     1.707 (0.984‐2.960)    0.057
  ≥80                 19.170 (14.296‐25.707)   \<0.001   13.186 (9.626‐18.063)   \<0.001   2.873 (1.757‐4.697)    \<0.001   3.821 (2.096‐6.964)    \<0.001
  Race                                                                                                                                             
  NHW                 Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  NHB                 0.987 (0.847‐1.149)      0.863     1.045 (0.896‐1.219)     0.574     1.491 (0.981‐2.266)    0.061     1.354 (0.883‐2.076)    0.164
  NHAIAN              1.317 (0.728‐2.384)      0.362     1.814 (0.998‐3.297)     0.051     1.299 (0.182‐9.286)    0.794     1.302 (0.179‐9.496)    0.795
  NHAPI               0.360 (0.284‐0.456)      \<0.001   0.582 (0.458‐0.739)     \<0.001   0.440 (0.216‐0.897)    0.024     0.460 (0.222‐0.954)    0.037
  Hispanic            0.736 (0.615‐0.882)      0.001     0.924 (0.770‐1.109)     0.396     0.750 (0.416‐1.353)    0.339     0.726 (0.398‐1.322)    0.295
  Unknown             0.015 (0.001‐3.689)      0.806     0.001 (0.001‐1.939)     0.842     0.022 (0.005‐7.842)    0.939     0.002 (0.001‐1.459)    0.940
  Marital status                                                                                                                                   
  Married             Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  Single              1.178 (0.996‐1.393)      0.055     1.291 (1.088‐1.531)     0.003     1.716 (1.120‐2.630)    0.013     1.509 (0.971‐2.344)    0.048
  Widowed             3.167 (2.856‐3.511)      \<0.001   1.446 (1.293‐1.616)     \<0.001   1.795 (1.271‐2.536)    0.001     1.038 (0.029‐1.518)    0.849
  Divorced            1.424 (1.200‐1.690)      \<0.001   1.304 (1.098‐1.550)     0.003     1.170 (0.680‐2.012)    0.571     1.110 (0.641‐1.920)    0.710
  Unknown             1.759 (1.421‐2.177)      \<0.001   1.287 (1.038‐1.596)     0.022     1.813 (0.983‐3.344)    0.057     1.425 (0.766‐2.650)    0.263
  Histologic grade                                                                                                                                 
  G1                  Ref.                     Ref.      ---                     ---       Ref.                   Ref.      Ref.                   
  G2                  1.018 (0.918‐1.129)      0.736     ---                     ---       1.422 (1.024‐1.976)    0.036     1.191 (0.851‐1.665)    0.308
  G3                  1.050 (0.813‐1.357)      0.709     ---                     ---       2.974 (1.690‐5.236)    \<0.001   1.967 (1.078‐3.590)    0.028
  Unknown             1.049 (0.919‐1.198)      0.475     ---                     ---       1.339 (0.873‐2.054)    0.81      1.221 (0.792‐1.881)    0.366
  T stage                                                                                                                                          
  T1                  Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  T2                  1.362 (1.235‐1.503)      \<0.001   1.272 (1.148‐1.411)     \<0.001   2.643 (1.982‐3.524)    \<0.001   2.072 (1.518‐2.829)    \<0.001
  N stage                                                                                                                                          
  N0                  Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  N1                  1.081 (0.899‐1.300)      0.047     1.314 (1.018‐1.596)     0.006     2.253 (1.442‐3.519)    \<0.001   1.582 (0.967‐2.586)    0.068
  N2                  1.138 (0.685‐1.892)      0.617     1.891 (1.117‐3.199)     0.018     6.087 (2.855‐12.980)   \<0.001   4.312 (1.881‐9.885)    0.001
  N3                  0.949 (0.356‐2.531)      0.916     1.270 (0.470‐3.429)     0.637     5.455 (1.352‐22.005)   0.017     2.932 (0.677‐12.702)   0.150
  Surgery                                                                                                                                          
  Mastectomy          Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  BCT                 0.666 (0.598‐0.740)      \<0.001   0.754 (0.697‐0.889)     \<0.001   0.614 (0.439‐0.858)    0.004     1.232 (0.843‐1.800)    0.282
  ER                                                                                                                                               
  Negative            Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  Positive            0.906 (0.652‐1.261)      0.560     0.654 (0.457‐0.936)     0.020     0.311 (0.164‐0.589)    \<0.001   0.457 (0.213‐0.982)    0.045
  Unknown             1.459 (1.014‐2.099)      0.042     0.865 (0.466‐1.605)     0.645     0.387 (0.164‐0.910)    0.030     0.819 (0.092‐7.328)    0.858
  PR                                                                                                                                               
  Negative            Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  Positive            0.963 (0.833‐1.112)      0.605     1.016 (0.869‐1.188)     0.843     0.597 (0.405‐0.881)    0.009     0.816 (0.518‐1.283)    0.378
  Unknown             1.436 (1.172‐1.760)      \<0.001   0.966 (0.586‐1.593)     0.892     0.695 (0.357‐1.354)    0.285     0.468 (0.063‐3.492)    0.459
  Chemotherapy                                                                                                                                     
  No                  Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  Yes                 0.372 (0.304‐0.456)      \<0.001   0.889 (0.707‐1.119)     0.316     1.682 (1.169‐2.420)    0.005     1.644 (1.021‐2.647)    0.041
  Radiotherapy                                                                                                                                     
  No                  Ref.                     Ref.      Ref.                              Ref.                   Ref.      Ref.                   
  Yes                 0.367 (0.334‐0.402)      \<0.001   0.586 (0.527‐0.651)     \<0.001   0.448 (0.335‐0.600)    \<0.001   0.563 (0.405‐0.783)    0.001

Abbreviations: BCT, Breast‐conserving therapy; ER, Estrogen receptor; PR, Progesterone receptor.

Multivariate analysis of surgery for OS was adjusted for age, race, marital status, T stage, N stage, ER, PR, chemotherapy, and radiotherapy.

Multivariate analysis of surgery for BCSS was adjusted for age, race, marital status, histologic grade, T stage, N stage, ER, PR, chemotherapy, and radiotherapy.

*P* \< .05 was considered statistically significant.
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3.3. Stratified analysis of overall survival {#cam43202-sec-0013}
--------------------------------------------

As shown in Table [3](#cam43202-tbl-0003){ref-type="table"}, in stratified analysis according to T stage, adjusting for the significant prognostic variables in univariate analysis, multivariate analysis indicated that BCT group had better OS than mastectomy group for patients with T1 stage (HR = 0.679, 95% CI: 0.589‐0.781, *P* \< .001)or T2 stage (HR = 0.769, 95% CI: 0.646‐0.915, *P* = .003) (Figure [2A and B](#cam43202-fig-0002){ref-type="fig"}). In stratified analysis according to the different ages, BCT showed OS benefit in patients at the age of 50‐64 years (HR = 0.587, 95% CI: 0.408‐0.846, *P* = .004) and age of 65‐79 years (HR = 0.636, 95% CI: 0.535‐0.758, *P* = .001) (Figure [3B and C](#cam43202-fig-0003){ref-type="fig"}). For patients not younger than 80 years, there was no difference significantly observed in OS between BCT and mastectomy groups (*P* \> .05) (Figure [3D](#cam43202-fig-0003){ref-type="fig"}). For patients younger than 50 years, no difference significantly was observed in OS between BCT and mastectomy groups (HR = 0.576, 95% CI: 0.298‐1.115, *P* = .102) although Kaplan‐Meier curve showed patients in BCT group had better OS than those in mastectomy group (*P* \< .05) (Figure [3A](#cam43202-fig-0003){ref-type="fig"}). For patients receiving BCT, the use of radiotherapy shows OS benefit (Figure [4](#cam43202-fig-0004){ref-type="fig"}).

###### 

Stratified analysis of OS

  Variable            OS                                                                                             
  ------------------- --------------------- --------- -------------------------------------------------------------- ---------
  Age (years)                                                                                                        
  23‐49                                                                                                              
  BCT vs Mastectomy   0.344 (0.192‐0.616)   \<0.001   0.576 (0.298‐1.115)[^a^](#cam43202-note-0010){ref-type="fn"}   0.102
  50‐64                                                                                                              
  BCT vs Mastectomy   0.491 (0.348‐0.693)   \<0.001   0.587 (0.408‐0.846)[^b^](#cam43202-note-0011){ref-type="fn"}   0.004
  65‐79                                                                                                              
  BCT vs Mastectomy   0.603 (0.510‐0.712)   \<0.001   0.636 (0.535‐0.758)[^c^](#cam43202-note-0012){ref-type="fn"}   0.001
  ≥80                                                                                                                
  BCT vs Mastectomy   0.913 (0.779‐1.070)   0.263     0.984 (0.836‐1.159)[^d^](#cam43202-note-0013){ref-type="fn"}   0.848
  T stage                                                                                                            
  T1                                                                                                                 
  BCT vs Mastectomy   0.667 (0.581‐0.766)   \<0.001   0.679 (0.589‐0.781)[^e^](#cam43202-note-0014){ref-type="fn"}   \<0.001
  T2                                                                                                                 
  BCT vs Mastectomy   0.754 (0.633‐0.897)   0.001     0.769 (0.646‐0.915)[^f^](#cam43202-note-0015){ref-type="fn"}   0.003

Abbreviation: BCT, Breast‐conserving therapy.

HR for surgery was adjusted for the significant prognostic variables including marital status, T stage, N stage, chemotherapy, and radiotherapy.

HR for surgery was adjusted for the significant prognostic variables including marital status, T stage, ER, PR and, radiotherapy.

HR for surgery was adjusted for the significant prognostic variables including race, marital status, T stage, N stage, and radiotherapy.

HR for surgery was adjusted for the significant prognostic variables including marital status, T stage, ER, PR, and radiotherapy.

HR for surgery was adjusted for the significant prognostic variables including age, race, marital status, ER, PR, chemotherapy, and radiotherapy.

HR for surgery was adjusted for the significant prognostic variables including age, race, marital status, chemotherapy, and radiotherapy.

*P* \< .05 was considered statistically significant.
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![Kaplan‐Meier curves of overall survival for mucinous breast carcinoma patients according to surgical methods stratified by T stage. BCT group had better OS than mastectomy group for patients with T1 stage (A) or T2 stage (B)](CAM4-9-5381-g002){#cam43202-fig-0002}

![Kaplan‐Meier curves of overall survival for mucinous breast carcinoma patients according to surgical methods stratified by age. (A) Age of 23‐49 years. (B) Age of 50‐64 years. (C) Age of 65‐79 years. (D) Age ≥ 80 years. According to the different ages, BCT showed OS benefit in patients at the age of 50‐64 years (B) or age of 65‐79 years (C). There was no difference observed in OS between BCT and mastectomy groups for patients younger than 50 years (A) or not younger than 80 years (D)](CAM4-9-5381-g003){#cam43202-fig-0003}

![Kaplan‐Meier curves of overall survival for patients receiving BCT according to radiotherapy. For patients receiving BCT, the use of radiotherapy show better OS](CAM4-9-5381-g004){#cam43202-fig-0004}

4. DISCUSSION {#cam43202-sec-0014}
=============

Breast cancer is a histologically heterogeneous disease.[^14^](#cam43202-bib-0014){ref-type="ref"}, [^15^](#cam43202-bib-0015){ref-type="ref"}, [^16^](#cam43202-bib-0016){ref-type="ref"} Mucinous breast carcinoma is recognized as one of the most common rare histologic type in breast carcinoma. Experience in locoregional and systemic therapy of MBC was acquired from data of IDC and retrospective researches of MBC instead of prospective randomized control trials. There is limited evidence on the effect and safety of BCT in MBC compared with mastectomy. Therefore, we investigate the long‐term clinical outcomes of BCT and mastectomy in T1‐2 stage mucinous breast carcinoma using SEER database.

In our study, many more cases of MBC occurred in elderly and postmenopausal patients (88.2% older than 50 years). Furthermore, MBC cases had higher rates of ER or PR positivity (94% in ER positivity and 85% in PR positivity), lower histologic grade (56.2% in G1) and less lymph nodal metastases (93.5% without lymph nodal metastases). These observations are consistent with findings reported in previous western researches.[^2^](#cam43202-bib-0002){ref-type="ref"}, [^3^](#cam43202-bib-0003){ref-type="ref"}, [^17^](#cam43202-bib-0017){ref-type="ref"}, [^18^](#cam43202-bib-0018){ref-type="ref"}, [^19^](#cam43202-bib-0019){ref-type="ref"}, [^20^](#cam43202-bib-0020){ref-type="ref"}

These features indicate that MBCs have a good prognosis. Therefore, some researchers have believed that BCT is an option for MBC which can minimize the trauma and maintain aesthetics. However, there is weak evidence concerning the safety and effect of treating MBC with less aggressive surgery such as BCT. A population‐based research from China was conducted to evaluate the impact of BCT in patients of pure MBC.[^21^](#cam43202-bib-0021){ref-type="ref"} In that study, 309 patients of pure mucinous breast carcinoma were reviewed from January 1, 1999 to October 1, 2010 and totally 64 patients underwent BCT (and radiotherapy). After a median follow‐up of 45.7 months, there was no statistically difference observed in the 5‐year OS rate between BCT group and mastectomy group (*P* = .096). Namely, OS was not influenced by the surgical methods.[^21^](#cam43202-bib-0021){ref-type="ref"} Another study analyzed 197 consecutive MBC patients, including 117 pure MBC and 80 mixed MBC, who were diagnosed between 1983 and 2014. No difference was observed in disease‐free survival in patients with pure MBC or patients with mixed MBC between two types of surgical treatment (HR = 0.077, 95% CI: 0.005‐1.227, *P* = .070; HR = 0.025, 95% CI: 0.000‐176.301, *P* = .414).[^22^](#cam43202-bib-0022){ref-type="ref"} In the current study, patients in BCT group had relatively better OS than those in mastectomy group. The risk of death from any cause in BCT group was lower than that in mastectomy group significantly (HR = 0.754, 95% CI: 0.697‐0.889, *P* \< .001).While no difference significantly was observed in BCSS between BCT and mastectomy groups (HR = 1.232, 95% CI: 0.843‐1.800, *P* = .282).Our finding on OS is not in agreement with the results of above two studies. Our results showed it was safe and even better to receive BCT for MBC patients. The controversy among these studies might be owing to the short follow‐up time and small sample sizes of previous studies. Besides, our study focused on the patients with T1‐2 stage (tumor size ≤ 5 cm), which meant tumor size could meet the BCT indication and most of these patients had opportunities to choose BCT. We also found that in stratified analysis according to T stage, BCT group had better OS than mastectomy group for patients with either T1 stage or T2 stage. As shown in Table [2](#cam43202-tbl-0002){ref-type="table"}, we first conducted univariate analysis and the results demonstrated that BCT group had both better OS (*P* \< .001) and BCSS (*P* = .004). However, the results were not consistent in multivariate analyses. We think the bias might have two origins. First, the tracking system of SEER database could make mistakes in recording some cancer‐specific deaths. Second and more importantly, the percentages of other treatments were not equal in the two groups. BCT group had a higher rate of radiotherapy while mastectomy group accepted more chemotherapy. Given the most eligible patients in the present study were elder females at a median age of 67 years, the therapy‐associated comorbidities may bring great bias in the evaluation of BCSS. To clarify the effect of BCT on BCSS, further prospective clinical trials might be needed.

Radiotherapy, as an important adjuvant therapy, is widely used in invasive breast cancer patients after breast‐conserving therapy or in patients with high‐risk factors after mastectomy.[^11^](#cam43202-bib-0011){ref-type="ref"} Therefore, radiotherapy may be important in MBC. However, the clinical value of radiotherapy in MBC remains unclear. In our study, in BCT group a total of 5038 (67.1%) patients received radiotherapy and 2472 (32.9%) did not receive radiotherapy. The use of radiotherapy shows OS benefit for them.

MBC is classified into two main subtypes histologically: pure mucinous breast cancer (PMBC) when the mucinous component accounts for more than 90% and mixed mucinous breast cancer (MMBC) when there is 10%‐49% non‐mucinous co‐existing cancer component in the tumor. MMBC can be classified into different subtyped according to co‐existing cancer component.[^22^](#cam43202-bib-0022){ref-type="ref"}, [^23^](#cam43202-bib-0023){ref-type="ref"}, [^24^](#cam43202-bib-0024){ref-type="ref"}, [^25^](#cam43202-bib-0025){ref-type="ref"}, [^26^](#cam43202-bib-0026){ref-type="ref"} Therefore the prognosis of different subtypes may be different. The cases of above studies [^21^](#cam43202-bib-0021){ref-type="ref"}, [^22^](#cam43202-bib-0022){ref-type="ref"} concerning the prognosis of BCT and mastectomy were PMBC or MMBC. In present study, we did not analyze the data stratified by different subtypes. Further analysis stratified according to histologic subtypes is needed to determine the exact prognosis of BCT and mastectomy.

Our study still had several limitations. Firstly, other known prognostic information such as lymphovascular invasion was not available. Secondly, the bias of surgical method selection was inevitable, because the selection was determined not only by tumor size but also by the preferences of patient or surgeon. Thirdly, the data on endocrine therapy could not be available in SEER database. Although the percentages of receiving standard endocrine therapy between the two groups is unknown, we could estimate the percentages of endocrine therapy depending on the rates of ER/PR + in the two groups, since most MBC patients were hormone receptor positive and they who completed appropriate locoregional treatment were likely to receive standard endocrine therapy. As shown in Table [1](#cam43202-tbl-0001){ref-type="table"}, BCT group had higher ER/PR + rates than mastectomy group (*P* \< .001), which implied there were more patients accepting endocrine therapy in BCT group. To decrease the bias, we have employed the ER/PR in the final multivariate analyses of prognostic factors. The results demonstrated that BCT still occupied a better overall survival. So we think the results are reliable.

Therefore, further prospective clinical trials are warranted to evaluate the exact prognosis and safety of BCT and mastectomy in MBC.

5. CONCLUSIONS {#cam43202-sec-0015}
==============

This large population‐based study indicated patients who received BCT had better prognosis than those received mastectomy in T1‐2 stage MBC, especially in patients at the age of 50‐79 years. The use of radiotherapy showed OS benefit in patients receiving BCT. Breast‐conserving therapy might be preferred over mastectomy especially in locoregional treatment of T1‐2 stage MBC.
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